The enhancement of production of asperenone ( Fig. 1) , an inhibitor of lipoxygenase and human platelet aggregation from Aspergillus niger CFTRI 1105, was achieved by UV and nitrous acid mutagenesis. Nitrous acid mutants exhibited increased inhibitor production when compared with UV irradiated mutants. I N 41 a fi rst-generation nitrous acid mutant produced 5.1 fold increased asperenone over parent strain. Mutant II N 31 obtained by second-generation nitrous acid treatment produced 60.3 mg asperenone/g biomass, which was 131 fold increase when compared to fi rst generated mutant I N 41 and 670 fold increase over the parent strain. This mutant was stable for several generations on production medium.
Introduction
Aspergillus niger, a work horse of industrial microbiology has been subjected to different types of mutagenesis for enhanced production of product such as glucose oxidase [1] , pectinase [2] , phytase [3] , lipase [4] , and catalase with glucose oxidase [5] .
Lipoxygenases (LOX) are a family of non-heme iron containing dioxygenase, which catalyzes the addition of molecular oxygen to unsaturated fatty acids containing cis, cis, 1,4-pentadiene systems to give cis, trans hydroperoxydiene. The products of these enzymes are responsible for variety of human disorders such as allergies, infl ammations, asthma, psoriasis, hypersensitivity [6, 7] and atherosclerosis [8, 9] . Hence inhibitors against this group of enzymes have great potential in food and health sectors.
During the course of search for the bioactive molecule from microbial sources [10] [11] [12] , we discovered asperenone from Aspergillus niger CFTRI-1105 to be inhibitory against soybean lipoxygenase and human platelet aggregation [13] . Asperenone was originally isolated as a fungal pigment by Jefferson [14] in a medium comprising steroids and inorganic salts [15] . Asperenone shows a dose dependent inhibition against 15-LOX with an IC 50 value of 0.3 mM. The compound has no effect on aggregation of human platelet induced by ADP or epinephrine while exhibiting a dose dependent inhibition on platelet aggregation induced by collagen shows an IC 50 value of 0.23 mM [13] .
However the quantity of this potentially useful compounds yield was low at 90 μg/g biomass (w/w), indicating a need to improve the existing strain. In the present investigation we report the enhancement of asperenone production from Aspergillus niger CFTRI 1105, which was achieved using UV irradiation and nitrous acid as mutagenic agents.
Materials and methods

Microorganism
The culture used in this study Aspergillus niger CFTRI 1105 obtained from CFTRI culture collection was maintained at 4°C on potato dextrose agar slants (HiMedia, Mumbai, India). 
UV mutagenesis
The spore suspension containing 2.1 × 10 6 colony forming units (cfu)/ml was spread on the potato dextrose agar plates. The induction of mutation was carried out by exposure to UV germicidal lamp (256 nm) kept at a distance of 50 cm for time intervals ranging from 2-12 min, [16, 4] . After irradiation, the plates were wrapped in aluminum foil and kept overnight at 4°C. Later the plates were incubated at 28°C, for 4 days.
Nitrous acid mutagenesis
One ml of spore suspension containing 2.1 × 10 6 (cfu)/ml was added in 0.9 ml acetate buffer pH 4.4 and 100 μl of 0.5 M sodium nitrite was added to the spore suspension [4] . The suspension was incubated at 30°C for time intervals from 5-45 min. After incubation, the reaction was terminated by addition of 5 volumes of 0.2 M phosphate buffer, pH 7.0. The samples were adequately diluted and plated on potato dextrose agar incubated at 28°C, for 4 days.
Selection of mutants
Selections of the mutants were based upon intensity of the yellow pigment produced on the reverse side of the plate indicating the production of asperenone [14] , and also by observing any changes in colony morphology, colony size comparing to that of parent strain. The desired mutants were picked to check for their ability to produce high asperenone content and were maintained on potato dextrose agar slants Inoculum development and fermentation To a 5-day old slant 10 ml of sterile 0.1% Tween-20 (v/v) solution was added. Conidial spore suspension was prepared by gentle scraping of the surface of the aerial mycelium with a sterile inoculation loop to liberate spores, 1 ml from this spore suspension (1 × 10 6 ) was transferred in to a 500 ml Erlenmeyer fl ask containing 100 ml production medium and incubated on rotary incubator shaker operating at 250 rpm at 28°C for 4 days. At the end of the fermentation the biomass was fi ltered through muslin cloth and was dried overnight in an oven at 60°C. The dried biomass was extracted with ethyl acetate (1:10 w/v) and the solvent was evaporated by vacuum distillation. The residue that remained after was suitably diluted in acetonitrile and assayed for asperenone using HPLC.
Analytical detection of asperenone
Asperenone in the crude extracts of the mutants was estimated by HPLC (Shimadzu LC 10-A), C 18 column (250 × 4.6 mm) with reverse phase, acetonitrile being mobile phase with A fl ow rate of 0.5 ml/min at 410 nm showed retention time (RT) of 7.7 min. Asperenone concentration in each crude sample was calculated with reference to the standard curve of asperenone.
Results and discussion
Literature search on asperenone showed that it has been isolated independently by two other groups [17, 18] however this major yellow intermycelial pigment was characterized as a methyl derivative of 13-phenyl tri-deca-4,6,8,10,12-penta-3-one and was given the trivial name as asperenone by Jefferson [14] . Biological benefi ciary activities of asperenone is not known much except for showing an antifungal activity [18] and lipoxygenase and human platelet aggregation inhibition [13] .
A total 56 of mutants (34 of Nitrous acid and 22 of UV induction), were subjected to submerged fermentation on production medium comprising potato dextrose broth enriched with salt supplements, which was originally used by Jefferson, to increase the yields of asperenone [15] . In our previous study we found out that upon enriching PDB with salts there was a great deal of increase in the asperenone yields. Probably the salts acted as inducers in enhancing the yields. A genetically engineered end product gibberellic acid yield was enhanced in Aspergillus niger by addition of inorganic salts and some acids to broth which acted as inducers [19] . The crude concentrate obtained after solvent evaporation was assayed for asperenone content by HPLC. Among these, 5 mutants from UV and 8 from nitrous acid mutations were found to produce more of asperenone, about 4-5 fold increase than the parent strain ( Table 1 ). The nitrous acid mutant I N 41, which produced the highest yields of asperenone (0.46 mg/g biomass), a 5.1 fold increase than that of parent strain (0.09 mg/g biomass) was selected and was subjected for stability studies for 5 generations. It was observed that production of asperenone in all the 5 generations was similar average 0.45 mg/g biomass (Table 2) .
To further enhance the production of asperenone, the nitrous acid mutant I N 41 was subjected to second set of nitrous acid mutation. All the second set of nitrous acid mutants showed enhanced asperenone production when compared to fi rst set I N 41 strain, about 75-130 fold increase in the yield than the 1st generation mutants (Table 3) . The second-generation mutant II N 31 showed 131.2 fold increases in asperenone when compared to fi rst generation mutant I N 41 and also a 670 fold increase to that of parent strain. Mutant II N 31 was subjected for the stability studies for 5 generation, which showed consistent yield of asperenone average 60.84 mg/g biomass (Table 4) .
It was seen that there was a 131.3 fold increased asperenone and 2-fold increase in biomass was observed in mutant II N 31. Mutant II N 31 was subjected for the stability studies on production medium for 5 generations, which showed consistent yield of asperenone average 60.3 mg/g biomass and a biomass yield average 13.1 g/L (Table 4) .
In our study with Aspergillus niger CFTRI 1105 showed, a higher effi ciency of UV to induce mutagenesis when compared with nitrous acid, which is indicated by percentage [4] , where after exposing the spores of Aspergillus niger to UV and nitrous acid mutagenesis, the nitrous acid mutant produced enhanced lipase production while the UV mutants did not. The probable reason here also being the hydration of the spores prior to nitrous acid exposure. Data obtained in our study suggested that mutagenic treatments have caused changes in the biochemical characteristics of Aspergillus niger 1105. Detailed and in depth studies are in progress to precisely point the biochemical and genetic modifi cation. Nevertheless, from the point of developing a process for the production of this enzyme inhibitor, the present study is signifi cant in obtaining a stable mutant, which produces asperenone in signifi cant quantities. 
